Four heterorhabditid isolates (three different strains of Heterorhabditis bacteriophora and Heterorhabditis megidis) were tested for downward migration in 9.5 cm vertical sand columns at 25°C with and without a larva of the wax moth, Galleria mellonella, at the bottom. The number of infective juveniles (IJs) in the upper section decreased since the IJs gradually migrated down toward the Galleria larvae into the lower section of the shell vials. Only the isolate OH 25 behaved differently, because the number of IJs decreased this isolate in the lower section. This isolate was the quickest, since after 12 hrs, most IJs could be found in the lower section of the vials from this isolate. The number of IJs was so small in the lower section that 12 hrs after injection, only the isolates MHG 3 and OH 25 could kill the Galleria larvae.
INTRODUCTION
Laboratory studies show that nematodes respond positively to many chemical stimuli produced by insects (Gaugler et al., 1980) . Many factors influence nematode movement in soil. Probably the most important factors are soil texture (Georgis and Poinar, 1983) , temperature (Steiner, 1996) , behavior of the nematode species (Grewal et al., 1994) , genetic differences of species and strains (Glazer et al., 1991) , presence or absence of a host (Molyneux, 1983) and moisture (Molyneux and Bedding, 1984) . Although there are many stimuli that play an important role in the host-finding tactic of the nematodes, it seems that neither of the stimuli is predominant, but rather more stimuli influence and integrate together this process (Gaugler et al., 1980) . The host-finding tactic of entomopathogenic nematodes can be "cruiser" (actively searching foragers), "ambusher" (sit-and-wait foragers) or "intermediate" (Kaya and Gaugler, 1993) . Direct response to host chemical cues (Lewis et al., 1992) , active dispersal and an inability to nictate are the characteristics of cruisers, such as Heterorhabditis bacteriophora (Poinar) and Heterorhabditis megidis (Poinar), whereas less dispersing activity and active nictating are characteristic features among ambushers (Campbell and Gaugler, 1993) .
This paper reports on laboratory tests of the vertical dispersal of four heterorhabditid isolates. The objective of this experiment was to examine the comparative movement of three different strains of H. bacteriophora and H. megidis in sand. The information gained from this experiment may enable us to use the above strains and species more effectively in the field as a biological control agent.
MATERIALS AND METHODS
Stock cultures of infective juveniles (IJs) of H. bacteriophora (strains: MHG 3, KMD 19, OH 25) and H. megidis were maintained by infecting fourth instar larvae of the greater wax moth (Galleria mellonella). The IJs were collected daily from cadavers placed on White traps (White, 1924) . The emerged IJs were stored in Ehrlenmeyer flasks and maintained at 9°C in tap water, at a concentration of ca. 2000 nematodes/ml. Nematode suspensions were cleaned by decanting and adding fresh tap water. All IJs were used between five and ten days after their emergence from host cadavers.
Sand was used in this experiment. The sand was sterilized in an autoclave at 90°C for 99 min. After cooling, the moisture content was measured and adjusted to seven%.
Shell vials (diameter 2.5 cm, height 9.5 cm) were filled with sand and used as a container. A plastic sieve was used to make an upper (upper seven cm) and a lower section (the bottom 2.5 cm) in the vials. This assay was conducted twice (five replicates each) and the data were merged, making a total of ten replicates at each time period (12, 24 and 36 hrs). A total of ten controls were also conducted at each time period. A total of 120 vials per trial were used with each nematode isolates. The vials were separated into three groups. Each group contained ten replicates and ten control vials. The first group of vials was placed in a 25°C incubator for 12 h, the second group for 24 h and the third group for 36 h.
Immediately after preparation, vials with and without a last instar larva of G. mellonella at the bottom, approximately 500 IJs in 0.5 ml water were injected into the upper layer and covered with a plastic lid to retard the sand from drying. The IJs were tested for downward migration: nematode response to the host insect was monitored by recording the number of IJs found in the upper (seven cm) and in the lower section (2.5 cm) of the vials.
After 12, 24 and 36 h, the upper and the lower sand column in the vials were separated and put onto Baerman funnels for 72 h. After 72 h, the samples were collected separately into screw-capped glass tubes (O.D. x L = 1.5 cm x 15 cm) and stored in a refrigerator at 9°C till counting. The recovered insect larvae were washed and incubated for 72 hours in Petri dishes (five cm diameter) taped with parafilm for reduced dehydration at 25°C.
After 72 hours, all G. mellonella larvae were dissected and both IJs and adults were counted separately. Petri dishes (nine cm diameter) were used as containers for nematode solutions during nematode counting. The experiment was repeated two times giving a total of 960 samples. All data were subject to analysis of variance (ANOVA) at P<0.05 using Statistica statistical package. The significant differences among the different strains were calculated. The experiment was carried out in Wooster, OH (USA) at the OARDC Lab. of the Ohio State University.
RESULTS
The majority of IJs remained in the upper section of the shell vials where they were injected previously. The number of IJs recovered in the lower section in most of the isolates increased as time went by.
MHG 3
At 12 hrs, an average of 271 IJs were recovered out of 500 (the extraction efficiency was 54%) whereas at 24 hrs, an average of 235 IJs (47%) and, at 36 hrs, an average of 224 IJs (45%) were recovered out of 500. The number of IJs recovered in the lower section increased as time went by. At 12 hrs, an average of 94.1% of the IJs were recovered in the upper section and only 5.9% in the lower section, whereas at 24 hrs 91.5% were recovered in the upper and 8.5% in the lower and, at 36 hrs, 91.9% in the upper and only 8.5% in the lower section on the average (Table 1) . At 12 hrs, an average of 230 IJs were recovered out of 500 (the extraction efficiency was 46%), whereas at 24 hrs, an average of 282 IJs (56%) and, at 36 hrs, an average of 296 IJs (59%) were recovered out of 500. The number of IJs recovered in the lower section increased as time went by. At 12 hrs, an average of 97.8% of the IJs were recovered in the upper section and only 2.6% in the lower section whereas at 24 hrs, 90.8% were recovered in the upper and 9.2% in the lower and, at 36 hrs, 91.2% in the upper and only 8.8% in the lower section on the average ( Table 2) . At 12 hrs, an average of 299 IJs were recovered out of 500 (the extraction efficiency was 60%), whereas at 24 hrs, an average of 318 IJs (64%) and, at 36 hrs, an average of 243 IJs (49%) were recovered out of 500. At 12 hrs, an average of 89.97% of the IJs were recovered in the upper section and only 10.03% in the lower section, whereas at 24 hrs, 91.5% were recovered in the upper and 8.5% in the lower and, at 36 hrs, 91.4% in the upper and only 8.6% in the lower section on the average (Table 3) .
MEGIDIS
At 12 hrs, an average of 282 IJs were recovered out of 500 (the extraction efficiency was 56%), whereas at 24 hrs, an average of 283 IJs (57%) and, at 36 hrs, an average of 256 IJs (51%) were recovered out of 500. The number of IJs recovered in the lower section increased as time went by. At 12 hrs, an average of 98.6% of the IJs were recovered in the upper section, and only 1.4% in the lower section, whereas at 24 hrs, 97.2% were recovered in the upper and 2.8% in the lower and, at 36 hrs, 91.8% in the upper and only 8.2% in the lower section on the average (Table 4) . 
DISCUSSION
The number of the IJs in the upper section decreased in case of every isolate as time went by, except KMD 19. The most of IJs in the upper section could be found in the isolate Megidis, since 12 hrs after injection, an average of 278 IJs were recovered out of 500 (extraction efficiency: 55.6%). The least number of IJs could be found in the upper section of the vials 12 hrs after injection in the case of the isolate OH 25 (only an average of 269 IJs were recovered out of 500). As time went by, the IJs started their downward migration toward the Galleria larvae, therefore, their number decreased in the upper section of the shell vials and increased in the lower section of the vials (Figure 1) . Only the isolate OH 25 behaved differently, because the number of IJs decreased in the case of these isolates in the lower section. This isolate was the quickest since, after 12 hrs, most IJs could be found in the lower section of the vials (an average of 30). The least IJs could be found in the case of Megidis (an average of 4). The number of IJs was so small in the lower section that 12 hrs after injection, only the isolates MHG 3 and OH 25 could kill the Galleria larvae.
Besides the fact that mortality occurred among the Galleria larvae with the above isolates, neither IJs nor adults could be detected in neither living nor dead Galleria larvae 12 hrs after IJs injection. The number of IJs increased in every isolate in the lower section of the shell vials as time went by. The least IJs could be found in the lower section after 36 hrs in case of the isolate MHG 3: only an average of 19 IJs could be detected.
It is noteworthy that the behavior of the isolate Megidis was different from the other isolates: the number of the IJs was so negligible in the lower section of the vials that even after 36 hrs, none of the Galleria died and consequently neither adults nor IJs could be detected after dissecting the Galleria larvae.
According to the results of the present study we can conclude that the quickest nematode was the isolate OH 25, whereas the slowest was the isolate Megidis. The most IJs could be detected in the lower section of the vials in the case of OH 25, and the least in the case of Megidis and KMD 19. Each isolate could reach the lower section of the vials, yet only the isolate Megidis could not infect and kill the host. After dissecting the larvae most IJs could be found in case of the isolate MHG 3 (95 IJs and adults) 36 hrs after injection (Figure 2) .
